Human urine samples, 81 from the non-exposed, 36 from those with intensive exposures to tolueue, and 23 from the less intensively exposed, were analyzed for hippuric acid by colorimetry, gas liquid chromatography (GLC), and high performance liquid chromatography (HPLC). The colorimetric method always gave higher values than the GLC method. In the case of the non-exposed, the value by the former method was more than double the value by the latter. When the colorimetric values were plotted on the abscissa against the GLC values on the ordinate, the slope of the calculated regression line was 0.444 for the non-exposed while it was 0.882 for the exposed. The value was higher as the exposure was more intensive.
School of Medicine, Seiryo-cho, Sendai 980, Japan (Received November 12, 1979) Human urine samples, 81 from the non-exposed, 36 from those with intensive exposures to tolueue, and 23 from the less intensively exposed, were analyzed for hippuric acid by colorimetry, gas liquid chromatography (GLC), and high performance liquid chromatography (HPLC). The colorimetric method always gave higher values than the GLC method.
In the case of the non-exposed, the value by the former method was more than double the value by the latter. When the colorimetric values were plotted on the abscissa against the GLC values on the ordinate, the slope of the calculated regression line was 0.444 for the non-exposed while it was 0.882 for the exposed. The value was higher as the exposure was more intensive.
A conversion formula between colorimetric and GLC values was calculated from the values observed and it was y=x(1-1.78e-0.43x)+0.50 where x and y are the colorimetric and GLC values (mg/ml), respectively, with a correlation coefficient of 0.82. The equation is however not applicable when x is smaller than 0.6. The HPLC values essentially agreed with the GLC values, the regression line being y=0.993z+0.009
where y and z are the GLC and HPLC values (mg/ml), respectively. The correlation coefficient, r, was 0.994.
The significance of urinary hippuric acid is well established as a measure of exposure of factory workers to toluene1,2), one of the most popular constituents in various industrial thinner preparations and solvents. As the method of determination, colorimetry after the reaction of hippuric acid with benzenesulfonyl chloride3,4) was once widely accepted, but has been gradually replaced by gas liquid chromatographic (GLC)5,6) and high performance liquid chromatographic (HPLC)7-10) methods, because of possible higher were analyzed by the three methods (Table 1) , it was apparent that the colorimetric method gave higher values than the GLC and HPLC methods, regardless of the sexes of the subjects studied the differene between the former geometric means and the latter two was about 0.5 mg/ml. The hippuric acid level in the urine from female subjects tended to be higher than that from the males (p<0.01) as analyzed by GLC or HPLC, while no significant (p>0.05) difference could be detected when the colorimetric values were compared.
The results obtained with the total of 140 urine samples from both the exposed and the non-exposed are shown in a scatter diagram (Fig, 1) taking colorimetric values on the abscissa and GLC values on the ordinate. Because a larger number of samples Table 1 . Hippuric acid concentration in the urine samples from the non-exposed subjects as determined by colorimetry, GLC and HPLC.
* Calculated with an assumption of log-normal distribution.13) ** Minimum and maximum values observed .
were analyzed, the values from the non-exposed are spotted separately from the values from the exposed and shown in the upper part of the figure on expanded scales.
The non-exposed group gave a regression line (shown as a broken line in Fig. 1) with an equation of y=0.444x-0.090 (n=81) (1) where y is hippuric acid (mg/ml) measured by the GLC method, while x is hippuric acid (mg/ml) measured by the colorimetric method.
The correlation coefficient, r, was 0.599. When the same was figured out with the Exposed Group 1, the equation for the regression line was y=0.893x-0.512 (n=36, r=0.973) is for the non-exposed, while the solid line, y=0.882x-0.408 (n= 59, r=0.963), is for the combination of the exposed groups. In these equations, y is hippuric acid (mg/ml) measured by the GLC method while x is hippuric acid (mg/ml) measured by the colorimetric method. 
When the data of the two exposed group were combined, the equation (the solid line) y=0.882x-0.408 (n=59, r =0.963) ( 4 ) was obtained.
All the lines shown by the Eqs. (1) to (4) have small but positive intercepts on the abscissa. It is also apparent that the slope in Eq. (4) for the exposed, 0.882, is almost twice as large as that in Eq. (1) for the non-exposed, 0.444. The value in Eq. (2) for the Exposed Group 1, 0.893, with intensive exposure appears to be somewhat larger than its counterpart in Eq. (3) for the Exposed Group 2, 0.847, those in which were exposed less intensively. y = x(1 + AeBx)+C ( 5 ) where y and x are as in Eq. (1), both A and B are negative constants, and U is a positive constant. The calculation to figure out A, B and C with least square fitting of the data given in Fig. 1 resulted in y =x(1 -1.78e-0.48x)+ 0.50 ( 6 ) with the correlation coefficent, r, of 0.82 The high r value indicates that Eq. (6) well fits with the practical experiences as summarized in Fig. 1 . The values of y's calculated with several integral x's are given in Table 2 to avert complex calculation. The equation, however, has a minimum point of inflection when x is around 0.6 where y is about 0.28. In the range of x below this point, the equation is apparently not applicable.
Contrary to the complex relationship between colorimetric and GLC values, the GLC
and HPLC values revealed remarkable agreements to each other as shown in Fig. 2 .
The regression line calculated was
where y is hippuric acid (mg/m/) measured by the GLC method, while z is hippuric acid (mg/m/) measured by the HPLC method. The line has a slope very close to one with a quite small intercept. The correlation coefficient, r, was as high as 0.994. It should be stressed that this close agreement held true even with the samples from the non-exposed people (the upper half in Fig. 2 ), in which hippuric acid concentrations were low with relative abandance of possible interfering substances. From such good agreements, it is possible to infer that Eq. (6) is applicable also as a formula to convert the colorimetric value, x, to the best estimate of the HPLC value, z, when y in the equation Table 2 . The values of y's at several x's calculated with Eq. (6).
For Eq. (6), see text.
x : Hippuric acid (mg/m/) measured by the colorimetric method.
y : Hippuric acid (mg/m/) measured by the GLC method. To conclude from the practical view point, the GLC method and the HPLC method give essentially the same value at least under the conditions studied, while the value obtained by the colorimetric method requires mathematical correction following Eq. (6) for the comparison with counterpart value obtained by the GLC or HPLC method.
